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(57) ABSTRACT

The present 1nvention 1s directed to a system and method
which makes a phased array look like a curved array for
purposes of performing spatial compounding calculations. In
one embodiment, the phased array is treated as though it were
a curved array by creating both a virtual apex and a virtual
radius of curvature. Based on this transformation, standard
spatial-compounding resampling tables can be used just as
they are with curved arrays. In one embodiment, after the data
1s compounded to form the target image, certain data is
removed prior to the actual display. This removed data rep-

resents data generated by virtual rays the prior to the physical
skin line of the phased array.

235 Claims, 5 Drawing Sheets

VIRTUAL RADIUS
OF CURVATURE

200 VIRTUAL
CERAMIC
/

f
!
!

f
201 /4 VIRTUAL
f,f""' SKIN LINE

.l'-'#
i

BEAM STEERING
PIVOT POINT



U.S. Patent

Mar

. 20,2012

FiIG. 1

Sheet 1 of S

(Prior Art)

11-SL

STEERED
LEFT

11-U

UNSTEERED

STEERED
RIGHT

APEX
100

11

"
S
L -
h‘ "
b P —

11-SR

US 8,137,278 B2

RADIUS OF
CURVATURE

CERAMIC

/

/ SKIN
!,f/ LINE

A— 102



U.S. Patent Mar. 20, 2012 Sheet 2 of 5 US 8,137,278 B2

' VIRTUAL RADIUS
OF CURVATURE
200 VIRTUAL
_ CERAMIC
\ 21 _ ! '
20 50 /
\\\ /fi/ VIRTUAL
TRUE CERAMIC 203 —> Y\, /~ SKINLINE
N7/ AN /
~<\ 7 204
TRUE SKIN"J/N; Y o 205
BEAM STEERING
PIVOT POINT

21-SL

21-SR



U.S. Patent Mar. 20, 2012 Sheet 3 of 5 US 8,137,278 B2

FiG. 3

30
301 DETERMINE ARRAY LENGTH
302 DETERMINE FIELD OF VIEW

303 DETERMINE VIRTUAL APEX

SEND AND RECEIVE ENERGY
AS IN A CURVED ARRAY

305 PERFORM COMPOUNDING

DETERMINE REGION PRIOR
306 TO ACTUAL SKIN LINE
CONTAINING INVALID DATA

307 CONVERT VALID DATATO '
PIXEL SPACE
308 DISPLAY IMAGE

304



US 8,137,278 B2

Sheet 4 of S

Mar. 20, 2012

U.S. Patent

ONISS300dd
& AN3-X0VE ANV
NOISHIANOOD NVOS

INIDNS

Ly ONIONNOJINOD

d344N8 d444N49 d344N9
Viva | °°** | Vvivd Vv.iva
ANIO ANIO ANIO

AHOW3IN H¥344N8

AV1dSIAd

NOILO3140
ANV ONIb3L1id

(ITONY AVH GONY
NIDIHO AVYH ‘FONINDIS Xu/x1)
MITIOHINCD FTIEVANVYHOON

00P

4%

S

dd

GlCl 6 9 ¥
Eﬁ_ m_w:__\u_w _xm\m ¢ ¥ o
/z%s\w\\%
A/ o
x‘o\,\/\\ p0z
...... / JVINNNAL— ooz

-

AVHEY H40NASNVYYL

|4 4%

INHO4JNV3S
JAAIdO3Y

JAIZ03d 7 LINSNVAHL
DO TVNY

J3WHO4NV3E
1INSNVYHL

nl—

vy OIA



U.S. Patent Mar. 20, 2012 Sheet 5 of 5 US 8,137,278 B2

' VIRTUAL
VIRTUAL oﬁ:%mc
> EROM_ APEX 500) VIRTUAL
SKIN LINE
APEX 500) 200 500 (200)
o \
0 RN CERAMIC ’,f’ /
202 (200) /N 502
TRUE CERAMIC X/ 7 X— 503
\ - —— L / \' i ,-‘Hr
- #__.-r"'f #_,.-"" \’— 204
T ST T N~ 205

TRUE SKIN LINE

51-SL



US 8,137,278 B2

1

SYSTEM AND METHOD FOR SPATIAL
COMPOUNDING USING PHASED ARRAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to U.S. patent application
Ser. No. 11/749,319 filed May 16, 2007 enfitled “SYSTEM

AND METHOD FOR OPTIMIZED SPATIO-TEMPORAL
SAMPLING,” the disclosure of which 1s incorporated by

reference herein.

TECHNICAL FIELD

This disclosure relates to ultrasound imaging and more
particularly to systems and methods for spatial compounding,
using linear arrays and even more specifically to phased

arrays.

BACKGROUND OF THE INVENTION

Spatial compounding 1s a method of creating an ultrasound
image by compiling multiple views acquired at different
angles. Each view 1s obtained from multiple lines of sight at
different angles. This 1s a departure from traditional ultra-
sound 1maging that used a single line of sight perpendicular to
the scanhead face. The views from the multiple angles are
combined to create a single image, thereby reinforcing real-
tissue information and suppressing random artifacts. Spatial
compounding has resulted 1n a reduction 1 speckle noise
artifacts; shadowing artifacts and image-degrading artifacts.
In addition, such compounding, which 1s also known as com-
pound 1maging, results 1 improvements 1n: contrast resolu-
tion; needle visualization; tissue contrast resolution; fine-
structure delineation; mterface/border continuity and lateral
edge detection.

The original literature called this technique Compound
Imaging. Many companies are now using this technique, call-
ing 1t various names including: SonoC'T; CrossBeam Imag-
ing; and Spatial Compounding.

Some systems use a method where information from both
the transmit and the recerve beam steering 1s processed to
produce 1mages from multiple view angles. The multiple
images are aligned and combined to form an 1mage. Images
that are created using both transmit and receive imnformation
are typically superior to 1images consisting of receive inifor-
mation only.

One system for generating sonographic images 1s to use
phased arrays, which, for example, can have 64, 128 (or if
desired, any other number) elements. In phased arrays, all of
the array elements (64 or 128) must be selectively pulsed to
form the wavelront for each scan line. Each scan line has 1ts
own unique angle with respect to the transducer face 1n the
sector format. Thus, the geometry of each ray 1s independent
of the geometry from other rays. Electronic focusing 1is
required for both transmitting energy into the subject as well
as for recerving the energy reflected back from the target. A
phased array typically has a linear geometry, but the shape of
the images produced are usually sectors similar to those pro-
duced by curved arrays.

As part of the compounding process, 1mage data corre-
sponding to the different views must be resampled, or geo-
metrically aligned to a common set of coordinates, before
they are combined. For curved arrays, the symmetry of the
beams (i.e, they are equally spaced 1n angle) simplifies this
process because the tables required to perform the resampling,
are 1dentical for each beam, except for a simple translation. In
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2

general, spatial compounding for phased arrays 1s much more
complicated because the beams are typically not equally
spaced. Since, as described above, each ray has a unique
geometry, the resampling of each ray 1s also unique to that ray.
Thus, because the rays lack symmetry, each beam requires a
unique table for registration. Therefore, a very large amount
of computation and/or very large tables are required to regis-
ter the image data from the different views.

BRIEF SUMMARY OF THE INVENTION

The present invention 1s directed to a system and method
which makes a phased array look like a curved array for
purposes of performing spatial compounding calculations. In
one embodiment, the phased array 1s treated as though it were
a curved array by creating both a virtual apex and a virtual

radius of curvature. Based on this transtormation, standard
spatial-compounding resampling tables can be used just as
they are with curved arrays. In one embodiment, after the data
1s compounded to form the target image, certain data is
removed prior to the actual display. This removed data rep-
resents data generated by virtual prior to the physical skin line
of the phased array.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention 1n order that the
detailed description of the mvention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the sub-
ject of the claims of the invention. It should be appreciated by
those skilled 1n the art that the conception and specific
embodiment disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the
same purposes ol the present mvention. It should also be
realized by those skilled 1n the art that such equivalent con-
structions do not depart from the spirit and scope of the
invention as set forth in the appended claims. The novel
teatures which are believed to be characteristic of the inven-
tion, both as to its organization and method of operation,
together with further objects and advantages will be better
understood from the following description when considered
in connection with the accompanying figures. It 1s to be
expressly understood, however, that each of the figures 1s
provided for the purpose of illustration and description only
and 1s not intended as a definition of the limits of the present
ivention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, reference 1s now made to the following descriptions
taken in conjunction with the accompanying drawing, in
which:

FIG. 1 shows one schematic illustration of an embodiment
ol a the operational theory of image generation using a curved
array 1n accordance with the prior art;

FIG. 2 shows one schematic illustration of an embodiment
of athe operational theory of image generation using a phased
array 1n accordance with one aspect of the invention;

FIG. 3 shows one embodiment of a method for construct-
ing a virtual apex and employing the concepts herein;

FIG. 4 shows one embodiment of a sonographic system
that can employ the concepts discussed herein; and

FIG. 5 shows one alternative embodiment.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows one schematic illustration 10 of an embodi-
ment of a the operational theory of image generation using a
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curved array in accordance with the prior art. FIG. 1 shows
one method for spatially compounding beams formed along a
curved array. This technique 1s well-known 1n the art and can
be accomplished, for example, using concepts discussed in
the above-identified U.S. patent application Ser. No. 11/749,
3109.

Curved array 102 has apex 100 and radius of curvature 101.
Unsteered ray 11, emanating from apex 100 1s perpendicular
to the array surface, which in one embodiment can be
ceramic. This ray (also called a beam) 1s steered left (11SL)
and steered right (11SR) as discussed in the P35 application to
paint the target, such as target 110 below skin line 103 of the
subject. This trio of beams (as well as many others as are
desired) can be moved anywhere along aperture 102 to form
the different look directions that need to be acquired for
spatial compounding.

The beam can be moved anywhere that 1s perpendicular to
surface 102 of the scan head and the resampling computations
are 1dentical for beams at any one of those locations. This then
results in a minimal amount of information that must be
stored 1n order to resample properly formed beam data for
subsequent conversion into pixel images for display to a user.
Once resampled, the data from the various steered rays can be
combined and scan-converted to produce spatial com-
pounded 1mages.

FI1G. 2 shows one schematic illustration 20 of an embodi-
ment of the operational theory of 1mage generation using a
phased array in accordance with one aspect of the invention.
As shown, rays from the surface (scan head) of a phased array,
such as from scan head 204, which typically has elements
arranged along a line, are mathematically calculated as 1 they
emanate from apex 200. Thus apex 200 becomes a virtual
apex having virtual radius of curvature 201 with virtual scan
head 202 and virtual skin line 203.

Then, by using the same concepts as performed by curved
arrays (as discussed with respect to FI1G. 1), a beam, such as
beam 21 can be constructed that 1s perpendicular to virtual
surface 202. Beam 21 can be steered left (21SL) and steered
right (21SR) to focus on all or a part of target 210 which 1s
located within a subject below actual skin line 205 which 1s
displaced from actual scan head 204 by the thickness of the
lens. Note that beam steering pivot point 206 and virtual
radius of curvature need not coincide with virtual ceramic 202
used for beamiorming, and also note that the virtual skin line
need not be tangent to the actual skin line.

Thus the phased array is leveraged off of the calculations
made for curved arrays since the different look directions are
not tied to the physical ceramic structure of the phased array
scan head. A modification that must be made to use phased
arrays 1n this manner 1s to take into account that while a
virtual apex and radius 1s being used, the ultrasound beam
emanates from the true skin line rather than from the virtual
skin line. Thus, the data acquired corresponding to the region
between the virtual skin line and true skin line 1s meaningless
and 1s not displayed. The symmetry of the virtual curved array
construct avoids requiring unique resampling tables for each
beam; a single table 1s used for all beams. Without this,
time-consuming calculations and/or very large tables would
be required

Rays 21U, 21SL and 21SR are the rays the system uses for
imaging the target. As noted above, while only three such
lines are shown, any number of rays can be used. These rays
represent the center of the beam and only data coming from
those portions of the respective beams that are below the
actual skin line (within the subject) are used for the ultimate
image presentation. However, since the calculation for com-
pounding of the various rays 1s made before the virtual data 1s
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removed, the calculations are easier and {faster to make
thereby allowing a linear array, such as a phased array, to be
used for quickly moving targets such as for cardiac imaging
applications.

FIG. 3 shows one embodiment 30 of a method for con-
structing a virtual apex 303 given the length of the phased
array 301 and the desired field of view 302. The virtual apex
determines the virtual radius. Note that, as will be discussed,
more than one virtual apex can be used, 11 desired, or the
virtual scanhead properties could be computed to meet dif-
ferent requirements.

Process 304 transmits energy along rays to the target within
the subject and recerves energy along rays back as 1n a curved
array. The calculated virtual radius of curvature has been
substituted for the actual radius of curvature of the curved
array.

Process 305 performs compounding, such as spatial com-
pounding, on the recerved rays as 1s done with the curved
arrays using the fact that the tables required to register the
steered and unsteered beam data are the same for all rays.

Process 306 then removes the virtual data by, for example,
by discarding the data acquired prior to the actual skin line. In
this context, “prior to skin line” means data that 1s collected
carlier 1n time than 1s data from the signal as it enters the skin
line. In order to mimic the curved array, data 1s recorded that
would correspond to times before the ultrasound beam 1s
emitted from the scanhead. This 1s required to make the
phased array look like a curved array, but 1t means that the
data (1.e., the data collected prior to the skin line) 1s not valid
and should not be displayed. The data to be removed depends
upon timing and necessarily on scanhead orientation. The
system knows which data to discard from the geometry of the
problem. This can be a look-up 1n a table, 11 desired. Note that
while the data to be discarded 1s carried along for calculation
purposes (so that the problem being solved 1s the same as for
a curved array), 1t 1s removed at the end of the process.

Process 307 converts the remaining compounded data to
pixel space. Process 308 then displays the pixel space data as
an 1mage on a screen or other read-out mechanism.

For quickly moving objects, concepts herein and in the
above-identified patent application greatly facilitates the dis-
play of a clear image using a phased array. In one embodi-
ment, the number of transmit rays used 1s the same as 1n a
conventional non-compounded frame, but they are divided
among two or more different views for compounding. The
multi-look acquisition realizes the benefits of spatial com-
pounding and effectively restores the line density close to that
of the original non-compounded frame, thus avoiding under-
sampling artifacts that might otherwise arise from the use of
fewer transmit rays.

FIG. 4 shows one embodiment 40 of an implementation of
the concepts discussed heremn. Controller 41 generates the
transmit sequence as well as the steerage angle for the beams
in conjunction with beamformer 42 and analog transmaitter/
receiver 43. Controller 41 can comprise, for example, one or
more processors that perform the ray angle adjustment or the
ordinate location control for the respective rays of each time
frame. The output of transmitter/receiver 43 supplies the
transmit signals to transducer array 44. Transducer 44
receives a sequence of rays reflected from a subject which are
used to form an 1mage.

In the example, there are 128 rays for each steer angle (the
rays are numbered 1n an example firing sequence using three
steers) 1n each time differentiated frame. The returned signal
for each fired ray 1s received by array 44 and communicated
via analog transmitter/recerver 43 to receive beamformer 435.
The output of the recerve beamiormer 1s a digitally sampled
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and beamformed ray. This ray 1s then filtered and detected by
component 46 and sent to compounding engine 47 for com-
pounding. Each collection of similarly steered rays are resa-
mpled (aligned), scan converted into a common grid and
buffered by the compounding engine and stored in builer
memory 48. When enough data 1s present to compound (or
combine) the data from different steers, the compounding
engine computes a weighted average for each common
sample 1n the buffer memory for the given frame of ultra-
sound data. The compounded data is then sent from the com-
pounding engine to the scan converter 49 for processing for
display 400.

The procedures used herein can be focused on a “region of
interest,” one of which 1s the middle of the screen. Also note
that the looping example 1s one implementation and other
loop orders can be used as well as reverse order loops and the
addition of additional loops to cover additional steer direc-
tions. Note also that 1n the context of the discussion herein
steered straight need not be perfectly straight but could have
some distortion thereto in the order of, say, five degrees. Also,
the ray called “straight” need not be used if desired.

FIG. 5 shows one alternative embodiment 30 1n which
more than one virtual apex 1s created. Multiple virtual apices
may be used instead of or 1n conjunction with multiple steer
angles for compounding. That 1s, different views for spatial
compounding may be obtained by steering rays at different
angles, by employing rays with different virtual apices, or
both, as desired. Thus, as shown, virtual apex 500 has virtual
ceramic 502 and virtual skin line 503. Virtual skin line 503 1s
not tangent to actual skin line 205 of the subject. Note also
that the virtual ceramics 202 and 502 need not touch and thus
rays 510 and 210 need not intersect at a common point of the
respective virtual ceramic lines.

It should be noted that the embodiments discussed herein
are Just one example of the use of the concepts described. For
example, compounding of the beams can occur after scan
conversion to pixel space, i desired. Also, it 1s possible to
acquire an entire frame along a single look direction before
acquiring data along another look direction and then com-
pounding the looks.

Although the present invention and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application 1s not mtended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described 1n
the specification. As one of ordinary skill in the art waill
readily appreciate from the disclosure of the present mven-
tion, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What 1s claimed 1s:

1. A method of performing spatial compounding using a
sonographic phased array comprising;:

with a sonographic phased array, simulating at least one

virtual apex and at least one virtual radius of curvature
corresponding to a virtual curved array;

collecting data from transmitted and received ultrasound

beams using the sonographic phased array;
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6

processing the collected data using curved array concep-
tual techniques wherein a curved array apex and radius
of curvature are replaced, respectively, by the simulated
virtual apex and simulated virtual radius of curvature;
and

generating 1image data based on processing the collected
data using the simulated virtual apex and simulated vir-
tual radius of curvature.

2. The method of claim 1 further comprising;:

discarding certain collected data pertaining to an area
external to an actual skin line of the phased array.

3. The method of claim 2 wherein a virtual skin line of the

virtual array 1s tangent to the phased array’s actual skin line.

4. The method of claim 2 wherein processing the collected
data comprises compounding.

5. The method of claim 4 wherein the compounding com-
prises spatial compounding.

6. The method of claim 5 wherein the spatial compounding
occurs on beam data prior to scan-conversion.

7. The method of claim 4 wherein the certain image data 1s
discarded after compounding and prior to display.

8. The method of claim 4 wherein the discarding com-
Prises:

climinating compounded data obtained from an area exter-
nal to the actual skin line.

9. The method of claim S wherein the spatial compounding,
utilizes 1mage forming rays transmitted and/or received by
the sonographic phased array the spatial compounding com-
prising:

mixing the order of the rays within an 1image frame, and

adjusting a sequence ol particular rays to move the location
of optimized temporal difference between different rays
of a common frame to a desired region of interest 1n the
subject.

10. The method of claim 2 wherein the radius 1s established
based upon at least two of the following: form factor of the
phased array, desired field of view; number of rays.

11. A system for producing sonographic image data, the
system comprising;:

a scan head of a sonographic phased array configured to
transmit and receive sound rays through a surface of a
subject, the rays controlled 1n a phased array format to
form a virtual apex and virtual radius of curvature cor-
responding to a virtual curved array; and

a processor configured for performing compounding using
curved array conceptual techniques and generating
image data wherein a curved array apex and a radius of
curvature are replaced, respectively, by the virtual apex
and the virtual radius of curvature.

12. The system of claim 11 wherein the processor 1s further
configured to discard compounded data pertaining to data
stemming from areas prior to an actual skin line of a subject.

13. The system of claim 12 wherein a virtual skin line of the
virtual curved array 1s tangent to the actual skin line.

14. The system of claim 13 wherein the compounding
results 1n generation of scan data subject to pixel space con-
version.

15. The system of claim 14 wherein the data 1s discarded
prior to display.

16. The system of claim 13 wherein the compounding
comprises spatial compounding.

17. The system of claim 16 wherein the spatial compound-
ing utilizes i1mage forming rays transmitted into and/or
received from the subject, the spatial compounding compris-
ng:

mixing the order of the rays within an 1image frame, and
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adjusting a sequence of particular rays to move the location
of optimized temporal difference between different rays
of a common frame to a desired region of interest 1n the
subject.

18. The system of claim 13 wherein the virtual radius 1s
established based upon at least two of the following: form
factor of the phased array, desired field of view; number of
rays.

19. The system of claim 13 further comprising:

adjusting a ray firing sequence of particular rays within a

time frame so as to move the location of optimized
temporal difference between different rays of a common
frame to a desired region of interest with the subject.

20. The system of claim 19 further comprising: adjusting a
firing angle of at least one of the rays within the common
frame.

21. The system of claim 20 wherein the adjusting com-
prises steering each the ray to a particular angle from normal.

22. A method of presenting images ol a moving target
within a subject, the method comprising:

positioning a scan head 1n proximity to the subject, the scan
head configured to operate as a phased array, the scan
head further configured to simulate a curved array by
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utilizing a virtual curved array, the curved array having
a virtual apex and a virtual radius of curvature;

transmitting energy into the subject at a selected site loca-
tion, the energy being directed as though it emanates
from the virtual apex and spreads outward from a set of
points along the virtual radius;

recerving reflected energy back from the moving target via

the scan head; spatially compounding the reflected
energy; and

plotting the compounded reflected energy into an 1image for

presentation to a user.

23. The method of claim 22 further comprising:

discarding a portion of the spatially compounded reflected

energy.

24. The method of claim 23 wherein the discarded portion
1s a portion represented by those portions of the transmitted
energy calculated to fall external to an actual skin line of the
subject.

25. The method of claim 24 wherein the virtual curved
array 1s based uponthe phase array’s form factor, ficld of view
and number of rays.
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